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(57) ABSTRACT 

The present invention relates to a novel, isolated and puri?ed 
hemorrhagic feline calicivirus FCV-DD1. The invention 
further embraces monovalent and multivalent vaccines con 
taining the neW FCV-DD1 strain. In addition, the invention 
encompasses methods of protecting felines against infection 
or preventing disease caused by feline calicivirus alone or in 
addition to other pathogens that comprises administering to 
the felines an immunologically e?fective amount of the 
monovalent and multivalent vaccines described herein. 
Also, the invention concerns methods for diagnosing or 
detecting the hemorrhagic feline calicivirus in a susceptible 
host, asymptomatic carrier and the like by detecting the 
presence of feline calicivirus FCV-DD1 or antibodies raised 
or produced against feline calicivirus FCV-DD1 antigen. 

27 Claims, No Drawings 
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HEMORRHAGIC FELINE CALICIVIRUS, 
CALICIVIRUS VACCINE AND METHOD 

FOR PREVENTING CALICIVIRUS 
INFECTION OR DISEASE 

CROSS-REFERENCE TO RELATED U.S. 
APPLICATIONS 

This nonprovisional application claims the bene?t under 
35 U.S.C. § 119(e) of US. Provisional Application No. 
60/609,480, ?led on Sep. 13, 2004. The prior application is 
incorporated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable 

REFERENCE TO A “SEQUENCE LISTING” 

Not Applicable 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention concerns a neW isolated and puri 

?ed strain of virulent, hemorrhagic feline calicivirus, vac 
cines produced therefrom and the use of the vaccines to 
protect cats from calicivirus infection or disease. 

2. Description of the Related Art 
All patents and publications cited in this speci?cation are 

hereby incorporated by reference thereto in their entirety. 
Feline calicivirus (FCV) often causes an acute crisis in 

multiple-cat environments, particularly animal hospitals 
and, to a lesser extent, animal shelters. Typically, the FCV 
infection presents signs resembling viral rhinotracheitis 
(FVR) by affecting the upper respiratory tract and, on 
occasion, producing joint pain and lameness. Additionally, 
the infected cat Will develop ulcers on the tongue and in the 
mouth region. Vesicles and erosions of the nasal passages, 
the hard palate and the tongue appear prevalent. Other 
symptoms of FCV disease include high fever, hair loss, skin 
ulcerations and edema (sWelling) in the legs or around the 
face. Depending on the virulence of the infecting strain, the 
FCV infection may become fatal. The primary method of 
transmission is through the oral route of infection but cats 
can also get the infection from inhalation of infectious virus 
found in the saliva, feces or urine of infected cats. 

The FCV infection can affect both domestic cats and some 
Wild feline species. Since FVR and FCV comprise almost 
90% of all feline respiratory infections, the availability of 
effective vaccines to prevent these tWo diseases is of great 
signi?cance. FCV is a single-stranded RNA virus capable of 
mutating into neW strains (J. N. Burroughs et al., “Physio 
chemical evidence for the re-classi?cation of the calicivi 
ruses,” Journal Gen. Virol. 22:281-286 (1974)). Over sixty 
?ve feline caliciviruses exist WorldWide, Which makes 
adequate protection by vaccination using a singly comprised 
vaccine largely incomplete and dif?cult. Because the virus is 
capable of mutation, monovalent vaccines based on a single 
strain of FCV may not be sufficiently protective against 
other FCV strains (see, generally, N. C. Pedersen et al., 
“Mechanisms for persistence of acute and chronic feline 
calicivirus infections in the face of vaccination,” Veterinary 
Microbiol. 47(1-2):141-156 (November 1995); A. LauritZen 
et al., “Serological analysis of feline calicivirus isolates from 
the United States and United Kingdom,” Veterinary Micro 
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2 
biol. 56(1-2):55-63 (May 1997); T. Hohdatsu et al., “Neu 
traliZing feature of commercially available feline calicivirus 
(FCV) vaccine immune sera against FCV ?eld isolates,” 
Journal of Veterinary Medicine Sci., 61(3):299-301 (March 
1999); A. D. Radford et al., “Comparison of serological and 
sequence-based methods for typing feline calicivirus iso 
lates from vaccine failures,” Vet. Rec. 146(5): 117-123 (Jan. 
29, 2000)). 

Another problem With FCV is that the virus is highly 
contagious, infected cats Will continue to shed the virus for 
long periods of time after infection and recovered cats may 
remain lifelong carriers of the infectious virus. Asymptom 
atic cats can even spread fatal disease to other healthy cats. 
Recent outbreaks have been reported in Northern California 
and NeW England of tWo genetically diverse strains of 
highly virulent, hemorrhagic calicivirus that Were particu 
larly fatal to the feline population in animal shelters, named 
FCV-Ari and FCV-Diva, respectively (N. C. Pedersen et al., 
“An isolated epiZootic of hemorrhagic-like fever in cats 
caused by a novel and highly virulent strain of feline 
calicivirus,” Veterinary Microbiol. 73:281-300 (May 2000); 
E. M. Schorr-Evans et al., An epiZootic of highly virulent 
feline calicivirus disease in a hospital setting in NeW 
England,” Journal of Feline Medicine and Surgery 5:217 
226 (2003)). 

In the past, monovalent viral vaccines have been 
described and several manufactured to prevent feline dis 
eases using a variety of antigens such as the feline calicivirus 
F9 strain (US. Pat. No. 3,944,469 (J. L. Bittle et al.)), feline 
Chlamydia psillaci (US. Pat. No. 5,972,350 (R. A. Atherton 
et al.) and US. Pat. No. 5,242,686 (H.-J. Chu et al.)), feline 
leukemia virus (US. Pat. No. 4,264,587 (N. C. Pedersen et 
al.)) and the like. Other calicivirus strains such as the 
FCV-M8 and FCV-255 and feline rhinotracheitis virus have 
also been previously isolated and described for vaccine use 
(E. V. Davis et al., “Studies on the safety and efficacy of an 
intranasal feline rhinotracheitis-calici virus vaccine,” VM 
SAC 71:1405-1410 (1976); D. E. Kahn et al., “Induction of 
immunity to feline caliciviral disease,” Infect. Immun. 
11:1003-1009 (1975); D. E. Kahn, “Feline viruses: patho 
genesis of picornavirus infection in the cat,” Am. J. Vet. 
Research 32:521-531 (1971)). Further, US. Pat. No. 4,522, 
810 (N. C. Pedersen) describes a feline calicivirus vaccine 
that contains the FCV-2280 strain. US. Pat. No. 6,231,863 
(D. Colau et al.) describes nucleotide sequences from the 
genome of the FCV-2280 strain and vaccines using the 
nucleotide sequences of the capsid gene for preventing 
feline calicivirus disease. US. Pat. No. 5,106,619 (G. P. 
Wiesehahn et al.) discloses the preparation of inactivated 
viral vaccines that include feline calicivirus among others. 
US. Pat. No. 6,051,239 (L. Simpson et al.) describes oral 
vaccines that use a modi?ed botulinum toxin in conjunction 
With antigens such as the calicivirus. 

More recently, a strain of FCV-Kaos Was identi?ed (K. F. 
Hurley et al, “An Outbreak of virulent systemic feline 
calicivirus disease, J. Am. Vet. Med. Assoc. 224(2):241-249 
(Jan. 15, 2004)) and, subsequently, both FCV-Kaos and 
FCV-Ari strains Were isolated (U .S. Patent Application No. 
20040180064 A1, Hemorrhagic feline calicivirus, pub. Sep. 
16, 2004). The isolated virulent systemic calicivirus (VS 
FCV) strains, including FCV-Kaos, FCV-Ari and FCV 
Bellingham, have been described as comprising a capsid 
protein including an amino acid residue selected from the 
group consisting of lysine (K) at amino acid position 448; 
glutamic acid (E) at amino acid position 452; lysine (K) at 
amino acid position 581; and aspartic acid (D) at amino acid 
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position 581 (US. Patent Application No. 20040259225 Al, 
Virulent systemic feline calicivirus, pub. Dec. 23, 2004). 

Multivalent vaccines have been prepared or described to 
contain mixtures of many viral antigens such as Chlamydo 
philafelis (formerly knoWn as feline Chlamydia psillaci) in 
combination With one or more pathogens comprising feline 
leukemia virus, feline panleukopenia virus, feline calicivi 
rus, feline rhinotracheitis virus, feline acquired immunode 
?ciency virus, rabies, feline infectious peritonitis, Borrelia 
burgdorferi and the like (U .S. Pat. No. 6,004,563 (H.-J. Chu 
et al.)). Another mixture of Rickard isolate feline leukemia 
virus, feline rhinotracheitis virus, feline calicivirus and 
feline panleukemia virus has similarly been disclosed as a 
vaccine (US. Pat. No. 5,374,424 (W. H. Kelsey et al.)). 

Unfortunately, none of the prior vaccines that contain 
previously used strains of the feline calicivirus adequately 
protect the feline from the emerging hemorrhagic feline 
calicivirus strains. In the recent hemorrhagic feline calicivi 
rus outbreaks, there Were a signi?cant number of deaths 
despite the fact that the cats had received vaccinations 
against the calicivirus. 
As a consequence, there is a de?nite art-recognized need 

in the veterinary ?eld to produce an efficacious, safe vaccine 
against the highly virulent, hemorrhagic feline calicivirus 
infections. Another art-recognized need is to provide a 
broad-spectrum viral vaccine that protects cats against seri 
ous infection and disease caused by both hemorrrhagic and 
common FCV strains. The novel FCV strain of the present 
invention is able to satisfy those needs by uniquely and 
advantageously eliciting speci?c immune response against 
the virulent, hemorrhagic strain of FCV to protect cats from 
acute and chronic viral disease. In combination With com 
mon calicivirus strains, the neW FCV strain of this invention 
is able to achieve excellent virus-neutralizing antibody titers 
and make broad-spectrum immunization possible. 

BRIEF SUMMARY OF THE INVENTION 

The present invention concerns a highly infectious, novel 
hemorrhagic FCV strain, designated FCV-DDl, Which is 
useful as a vaccine strain. A further embodiment of the 
invention is draWn to neW methods of using the vaccine to 
immuniZe cats against infection and disease caused by the 
hemorrhagic feline calicivirus. Also embraced by this inven 
tion are methods for diagnosing or detecting the hemor 
rhagic feline calicivirus in a susceptible host, asymptomatic 
carrier and the like by detecting the presence of feline 
calicivirus FCV-DDl or antibodies raised or produced 
against feline calicivirus FCV-DDl antigen. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Not Applicable 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance With the present invention, there is pro 
vided a neW, highly infectious strain of feline calicivirus 
(FCV) and veterinary vaccines to protect cats from viral 
infection caused by the calicivirus. More speci?cally, the 
invention describes an isolated and puri?ed hemorrhagic 
feline calicivirus “FCV-DDl” and includes the viral clones 
derived from the FCV-DDl isolate. (Whenever the FCV 
DDl isolate is mentioned herein, it is understood that the 
viral clones may substitute for the parent isolate in each 
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4 
instance.) Also described are vaccines containing an immu 
nogenic amount of FCV-DDl and methods of protecting 
felines against infection or preventing disease caused by 
feline calicivirus that comprises administering to the feline 
in need of protection an immunologically effective amount 
of the vaccine. The vaccine may optionally contain one or 
more additional FCV isolates such as, for example, FCV 
255, FCV-2280, FCV-Diva, FCV-Kaos, FCV-Bellingham, 
FCV-F9, FCV-F4, FCV-M8, etc. Desirably, the vaccine Will 
contain FCV-DDl together With FCV-255, FCV-2280 or 
both, and, more preferably, the mixture of FCV-DDl With 
FCV-255. 

Also, the vaccine may optionally contain other antigens or 
pathogens such as Chlamydophila felis (C. felis), feline 
leukemia virus (FeLV), feline panleukopenia virus (FPV), 
feline rhinotracheitis virus (FVR), feline immunode?ciency 
virus, rabies virus, feline infectious peritonitis virus, Bar 
lonella bacteria (e.g. typical cat scratch disease), a combi 
nation thereof and the like. Preferably, the mixture of 
antigens comprises FCV-DDl in combination With C. felis, 
feline leukemia virus, feline panleukopenia virus and feline 
rhinotracheitis virus or in combination With C. felis, feline 
panleukopenia virus and feline rhinotracheitis virus. A par 
ticularly preferred multivalent vaccine comprises FCV 
DDl, a non-hemorrhagic feline calicivirus such as FCV-255, 
feline rhinotracheitis virus and feline panleukopenia virus, 
With the optional addition of feline leukemia virus and/ or C. 
felis, or other FCV strains. 

Leading up to the discovery of the neW hemorrhagic 
feline calicivirus FCV-DDl strain, a tissue culture sample of 
FCV-Ari Was obtained from Dr. Neils Pedersen at the School 
of Veterinary Medicine, UC Davis, California (N. C. Ped 
ersen et al., “An isolated epiZootic of hemorrhagic-like fever 
in cats caused by a novel and highly virulent strain of feline 
calicivirus,” Veterinary Microbiol. 731281-300 (May 2000)). 
The sample of FCV-Ari Was froZen, thaWed and used to 
infect a tissue culture roller bottle of con?uent Crandell 
Feline Kidney Cells (CRFK) (R. A. Crandell et al., “Devel 
opment, characterization, and viral susceptibility of a feline 
(Felis catus) renal cell line (CRFK),” In Wlro 9:176-185 
(1973)). Later, the roller bottle Was froZen, thaWed and the 
culture ?uid Was aliquoted as Working stock. 
The initial FCV-Ari “Working stock” Was used to inocu 

late cats in order to con?rm that the “Working stock” from 
the material received from Dr. Neils Pedersen contained 
hemorrhagic calicivirus. The cats inoculated With the FCV 
Ari “Working stock” elicited extreme clinical signs such as 
high temperatures, edema, dehydration, and death con?rm 
ing that the FCV-Ari “Working stock” contained hemor 
rhagic calicivirus. 
The FCV-Ari “Working stock” Was then diluted to a titer 

of 105 TCID5O per mL, froZen, thaWed, and 0.2 um ?ltered. 
The ?ltered FCV-Ari Was used for subsequent puri?cation 
and isolation of the most virulent calicivirus strain. The 
?ltered FCV-Ari Was clari?ed, serially diluted and used to 
infect 24-Well tissue culture plates con?uent With CRFK 
cells. The Well of the highest dilution Which contained a 
cytopathic effect (CPE) on the CRFK cells Was harvested, 
froZen, quick thaWed, serially diluted, and used to infect 
another 24-Well tissue culture plate con?uent With CRFK 
cells. This procedure Was repeated tWo times for a total of 
three rounds of puri?cation and isolation. 
A portion of the thus-puri?ed FCV-Ari Was formalin 

inactivated and used to blend a killed, monovalent vaccine. 
This inactivated FCV-Ari vaccine Was injected into cats to 
measure the serological response to vaccination. Unexpect 
edly, the vaccine failed to induce virus-neutralizing antibody 
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titers even though antibodies against the virus Were induced 
as con?rmed by ELISA. In addition, the puri?ed FCV-Ari 
(live) Was used to inoculate tWo groups of cats. These tWo 
groups of cats exhibited no clinical signs characteristic of a 
hemorrhagic calicivirus infection such as high temperatures, 
edema, pyoderma, alopecia, etc. Because the killed vaccine 
did not induce neutraliZing antibodies and the live strain 
puri?ed from the “Working stock” of FCV-Ari did not cause 
hemorrhagic calicivirus infection in a controlled challenge 
study, the isolated virus from the ?rst puri?cation of the 
sample of FCV-Ari Was con?rmed not to be the hemorrhagic 
isolate; further Work and vaccine development of this strain 
ceased. It Was then presumed that the original virus sample 
of FCV-Ari contained tWo FCV strains or possibly more, at 
least one of Which Was not virulent as demonstrated by the 
isolated strain that Was obtained from the ?rst puri?cation. 

In an attempt to isolate the virulent strain that caused 
hemorrhagic feline calicivirus infection, the original tissue 
culture sample of FCV-Ari Was used for three rounds of 
puri?cation and isolation. In order to accomplish the task, 
the FCV-Ari sample Was incubated With the antisera gener 
ated from the original FCV-Ari (killed) vaccination. The 
virus Was serially diluted and used to infect 24-Well tissue 
culture plates con?uent With CRFK cells, and the Wells of 
the highest dilution Which displayed a cytopathic effect 
(CPE) on the CRFK cells Were harvested. The harvested 
virus clones Were evaluated by standard serum virus-neu 
traliZation assays. Each viral clone Was incubated With the 
antisera generated from the ?rst puri?cation killed vaccine, 
or With the antisera generated from challenge With the live 
“Working stock.” The results from this serum neutralization 
assay showed, surprisingly, that there Was more than one 
strain of calicivirus in the original sample and further 
con?rmed that the strain isolated from the ?rst round of 
puri?cation Was not the hemorrhagic strain. The viral clones 
that Were not selected and discarded Were those that Were 
neutraliZed by the antisera speci?c to the undesired product 
of the ?rst puri?cation. The virus clones selected for the 
subsequent rounds of puri?cation Were those that Were 
neutraliZed by antisera to the original virus from Dr. Ped 
ersen yet Were not neutraliZed by antisera speci?c to the 
undesired product of the ?rst puri?cation. Virus clone selec 
tion by harvesting the highest dilution causing CPE Was 
repeated for a total of three rounds. The resulting virus 
isolate, designated FCV-DDI, Was inoculated into cats and 
the cats exhibited typical hemorrhagic calicivirus clinical 
signs. By this process, the puri?ed and isolated FCV-DDl 
strain Was determined to be a true hemorrhagic feline 
calicivirus strain, previously unknoWn in the veterinary 
?eld. 

Consequently, the neW, puri?ed and isolated FCV-DDl 
strain, vaccines of FCV-DDl and methods of using the 
calicivirus are included Within the scope of the present 
invention. Inoculated cats are protected from serious viral 
infection and disease caused by the calicivirus. The novel 
method protects cats in need of protection against viral 
infection by administering to the cat an immunologically 
effective amount of a vaccine according to the invention, 
such as, for example, the vaccine containing killed, modi?ed 
live or attenuated FCV-DDl or its clone. The vaccines may 
further contain additional antigens to promote the immuno 
logical protection of cats against multiple feline diseases 
including, but not limited to, non-hemorrhagic calicivirus 
strains, e.g., FCV-255, FCV-2280, etc., other hemorrhagic 
calicivirus strains, e.g., FCV-Diva, FCV-Kaos, FCV-F9, etc. 
and other suitable antigens such as feline viral rhinotrache 
itis, feline panleukopenia virus (feline distemper), Chlamy 
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6 
dophila felis (C. felis), etc. The additional antigens may be 
given concurrently to the cat in a combination product or 
separately in order to provide a broad spectrum of protection 
against viral infections. Most preferably, the mixture con 
tains FCV-DDI, FCV-255, C. felis, feline leukemia virus, 
feline panleukopenia virus and feline rhinotracheitis virus 
or, alternatively, FCV-DDI, FCV-255, feline panleukopenia 
virus and feline rhinotracheitis virus, killed virus, and, 
optionally, feline leukemia virus and/or C. felis or other FCV 
strains. To broaden the scope of protection conferred by the 
FCV-DDl containing vaccine against infection or disease in 
complementary fashion, it is helpful to have the multivalent 
vaccine contain tWo or more FCV strains in Which the 
additional FCV strain may include, but is not limited to, 
FCV-255, FCV-2280, FCV-Diva, FCV-Kaos, FCV-Belling 
ham, FCV-F9, FCV-F4, FCV-M8, etc.; and it is particularly 
bene?cial to include at least one or more non-hemorrhagic 

strain such as FCV-255, FCV-2280, etc. When certain FCV 
antigens such as FCV-F9 are employed, it is desirable to 
make a modi?ed live or attenuated vaccine to accommodate 
the virulence of the virus. A preferred combination of 
antigens in a vaccine is one in Which the additional feline 
calicivirus With FCV-DDl comprises FCV-255, FCV-2280 
or the combination of FCV-255 and FCV-2280, in conjunc 
tion With at least feline panleukopenia virus and feline 
rhinotracheitis virus. 
The vaccines comprise, for example, the infectious viral 

strain as an inactivated (killed) virus, an attenuated virus, a 
modi?ed live virus, etc. in combination With a nontoxic, 
physiologically acceptable carrier or diluent and other inert 
excipients, adjuvants or conventional co-formulants that are 
tolerated by the feline species. The isolated and puri?ed 
FCV-DDl strain or its viral clone can be used as a monova 

lent vaccine in Which protection relies on its ability to 
provide protection against infection by other serotypes 
through cross-neutralization. Repeated inoculation With the 
same serotype typically confers protection against subse 
quent severe infection. 
The neW vaccines of this invention are not restricted to 

any particular type or method of preparation. The viral 
vaccines include, but are not limited to, inactivated (killed) 
vaccines, modi?ed live vaccines, attenuated vaccines, sub 
unit vaccines, genetically engineered vaccines, etc. These 
vaccines are prepared by standard methods knoWn in the art. 
The most preferred vaccines for delivery of the neW FCV 
DDl strain to inoculate cats against the virulent FCV 
infection and disease are the inactivated (killed) or modi?ed 
live virus vaccines. 

To prepare inactivated virus vaccines, for instance, virus 
propagation is done by methods knoWn in the art or 
described herein. Virus inactivation is achieved by protocols 
generally knoWn to those of ordinary skill in the art. Inac 
tivated virus vaccines may be prepared by treating the virus 
With inactivating agents such as formalin or hydrophobic 
solvents, acids, beta propiolactone, binary ethyleneimine, 
etc. Formalin is the most preferred inactivating agent. Inac 
tivation is conducted in a manner understood in the art. For 
example, to achieve chemical inactivation, a suitable virus 
sample or serum sample containing the virus is treated for a 
sufficient length of time With a sufficient amount or concen 
tration of inactivating agent at a sufficiently high or loW 
temperature or pH, depending on the inactivating agent, to 
inactivate the virus. The virus is considered inactivated if it 
is unable to infect a cell susceptible to infection. 
The preparation of subunit vaccines typically differs from 

the preparation of a modi?ed live vaccine or an inactivated 
vaccine. Prior to preparation of a subunit vaccine, the 
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protective or antigenic components of the vaccine must be 
identi?ed. Such protective or antigenic components include, 
for example, the immunogenic proteins or capsid proteins of 
the virus strain. These immunogenic components are iden 
ti?ed by methods knoWn in the art. Once identi?ed, the 
protective or antigenic portions of the virus (i.e., the subunit) 
are subsequently puri?ed by standard procedures and/or 
cloned by standard recombinant DNA techniques (see, for 
example, Maniatis et al., “Molecular Cloning: A Laboratory 
Manual,” Cold Spring Harbor Laboratory, Cold Spring 
Harbor, Mass., 1989). The subunit vaccine provides an 
advantage over other vaccines based on the live virus since 
the subunit, such as highly puri?ed subunits of the virus, is 
less toxic than the Whole virus. 

To prepare attenuated vaccines from virulent viral clones, 
the tissue culture adapted, live pathogenic FCV is ?rst 
attenuated by methods knoWn in the art, typically made by 
serial passage through cell cultures. Attenuation of patho 
genic clones may also be made by introducing point muta 
tions, e?fecting gene deletions in the virus genome. 
An immunologically effective or immunogenic amount of 

the vaccine of the present invention is administered to a 
feline in need of protection against viral infection, usually 8 
to 10 Weeks of age or older. The immunologically effective 
or immunogenic amount that inoculates the cat against FCV 
infection and disease can be easily determined or readily 
titrated by routine testing by those of ordinary skill in the 
veterinary ?eld. An effective amount is one in Which a 
su?icient immunological response to the vaccine is attained 
to protect the cat exposed to the virulent feline virus. This 
immunological response for FCV is generally shoWn 
through the ability of the vaccine to induce virus-neutraliz 
ing antibody titers. Preferably, the cat is protected to an 
extent in Which one to all of the adverse physiological 
symptoms or effects of the viral disease state are signi? 
cantly reduced, ameliorated or totally prevented. 

The vaccine is typically administered in a single dose or 
repeated dosages over time. Dosages range, for example, 
from about 0.25 mL to about 3.5 mL, usually about 0.5 mL 
to about 2.5 mL, preferably from about 0.8 mL to about 1.2 
mL, and most preferably, at about 1.0 mL, depending upon 
the concentration of the immunogenic component of the 
vaccine, but should not contain an amount of virus-based 
antigen su?icient to result in an adverse reaction or physi 
ological symptoms of viral infection. Methods are Well 
knoWn in the art for determining or titrating suitable dosages 
of active antigenic agent to ?nd minimum e?fective dosages 
based on the Weight of the cat, concentration of the antigen 
and other typical factors. For optimal immunization, a 
healthy cat is vaccinated With a dose of approximately 1 mL 
using aseptic technique and then a second 1 mL dose is given 
in about tWo to four Weeks later. Annual revaccination With 
a single booster shot of the vaccine is useful to maintain 
good immunity against infection. 

The vaccine can conveniently be administered intrana 
sally, transdermally (i.e., applied on or at the skin surface for 
systemic absorption), parenterally, orally, etc., or a combi 
nation such as oronasal Where part of the dose is given orally 
and part is given into the nostrils. The parenteral route of 
administration includes, but is not limited to, intramuscu 
larly, subcutaneously, intradermally (i.e., injected or other 
Wise placed under the skin), intravenously and the like. The 
intramuscular, subcutaneous and oronasal routes of admin 
istration are most preferred. 
When administered as a liquid, the present vaccine may 

be prepared in the conventional form of an aqueous solution, 
syrup, elixir, tincture and the like. Such formulations are 
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knoWn in the art and are typically prepared by dissolution or 
dispersion of the antigen and other additives in the appro 
priate carrier or solvent systems for administration to cats. 
Suitable nontoxic, physiologically acceptable carriers or 
solvents include, but are not limited to, Water, saline, eth 
ylene glycol, glycerol, etc. The vaccine may also be lyo 
philiZed or otherWise freeZe-dried and then aseptically 
reconstituted or rehydrated using a suitable diluent shortly 
before use. Suitable diluents include, but are not limited to, 
saline, Eagle’s minimum essential media and the like. Typi 
cal additives or co-formulants are, for example, certi?ed 
dyes, ?avors, sWeeteners and one or more antimicrobial 
preservatives such as thimerosal (sodium ethylmercu 
rithiosalicylate), neomycin, polymyxin B, amphotericin B 
and the like. Such solutions may be stabiliZed, for example, 
by addition of partially hydrolyZed gelatin, sorbitol or cell 
culture medium, and may be bu?fered by conventional 
methods using reagents knoWn in the art, such as sodium 
hydrogen phosphate, sodium dihydrogen phosphate, potas 
sium hydrogen phosphate, potassium dihydrogen phosphate, 
a mixture thereof, and the like. 

Liquid formulations also may include suspensions and 
emulsions that contain suspending or emulsifying agents in 
combination With other standard co-formulants. These types 
of liquid formulations may be prepared by conventional 
methods. Suspensions, for example, may be prepared using 
a colloid mill. Emulsions, for example, may be prepared 
using a homogeniZer. 

Parenteral formulations, designed for injection into body 
?uid systems, require proper isotonicity and pH bu?fering to 
the corresponding levels of feline body ?uids. lsotonicity 
can be appropriated adjusted With sodium chloride and other 
salts as necessary. At the time of vaccination, the virus is 
thaWed (if froZen) or reconstituted (if lyophiliZed) With a 
physiologically-acceptable carrier such as deioniZed Water, 
saline, phosphate buffered saline, or the like. Suitable sol 
vents, such as propylene glycol, can be used to increase the 
solubility of the ingredients in the formulation and the 
stability of liquid preparations. 

Further additives that may be employed in the present 
vaccine include, but are not limited to, dextrose, conven 
tional antioxidants and conventional chelating agents, such 
as ethylenediamine tetraacetic acid (EDTA). Other pharma 
ceutically acceptable adjuvants that may optionally supple 
ment the vaccine formulation include, but are not limited to, 
surfactants, polyanions, polycations, peptides, mineral oil 
emulsion, immunomodulators, a variety of combinations 
and the like. Further non-limiting examples of suitable 
adjuvants include squalane and squalene (or other oils of 
animal origin); polyoxyethylene-polyoxypropylene block 
copolymers such as Pluronic® (L121, for example, com 
mercially available from BASF Aktiengesellschaft, LudWig 
shafen, Germany); saponin; detergents such as TWeen®-80 
(polysorbate 80, commercially available from Sigma 
Chemical Co., St. Louis, Mo.); Quil A (commercial name of 
a puri?ed form of Quillaja saponaria, available from lscotec 
AB, SWeden and Superfos Biosector a/s, Vedbaek, Den 
mark); mineral oils such as Marcol® (a puri?ed mixture of 
liquid saturated hydrocarbons, commercially available from 
ExxonMobil, Fairfax, Va.); vegetable oils such as peanut oil; 
Corynebaclerium-derived adjuvants such as Corynebacle 
rium parvum; Propionibaclerium-derived adjuvants such as 
Propionibaclerium acne; Mycobaclerium bovis (Bacille 
Calmette-Guerin, or BCG); interleukins such as interleu 
kin-2 and interleukin-12; interferons such as gamma inter 
feron; combinations such as saponin-aluminum hydroxide 
or Quil A-aluminum hydroxide; liposomes; iscom adjuvant; 
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mycobacterial cell Wall extract; synthetic glycopeptides 
such as muramyl dipeptides or other derivatives; N,N 
dioctadecyl-N',N'-bis(2-hydroxyethyl)-propanediamine 
(avridine); Lipid A; dextran sulfate; DEAE-Dextran; car 
boxypolymethylene, such as Carbopol® (polyacrylic poly 
mer commercially available from B.F. Goodrich Company, 
Cleveland, Ohio); ethylene maleic anhydride or ethylene/ 
maleic anhydride copolymers (EMA®, a linear ethylene/ 
maleic anhydride copolymer having approximately equal 
amounts of ethylene and maleic anhydride, having an esti 
mated average molecular Weight of about 75,000 to 100,000, 
commercially available from Monsanto Co., St. Louis, Mo.); 
acrylic copolymer emulsions such as a copolymer of styrene 
With a mixture of acrylic acid and methacrylic acid like 
NeoCryl® A640 (eg US. Pat. No. 5,047,238, an uncoa 
lesced aqueous acrylic acid copolymer of acrylic acid and 
methacrylic acid mixed With styrene, commercially avail 
able from Polyvinyl Chemicals, Inc., Wilmington, Mass.); 
animal poxvirus proteins; subviral particle adjuvants such as 
orbivirus; cholera toxin; dimethyldioctadecylammonium 
bromide (DDA, commercially available from Kodak, Roch 
ester, NY); or mixtures thereof. A preferred adjuvant com 
prises ethylene/maleic anhydride copolymer, copolymer of 
styrene With a mixture of acrylic acid and methacrylic acid, 
mineral oil emulsion or combinations thereof. 

To illustrate examples of hoW to prepare the FCV-DDl 
antigen and make killed FCV-DDl vaccines, the virus Was 
used to infect con?uent CRFK cells at an MOI of 0.01 
(typically ranges from about 0.001 to about 1.0) in tissue 
culture roller bottles. The virus ?uids Were harvested When 
90-100% CPE Was observed. The harvested ?uids Were 
inactivated With 0.04% formalin at 36° C. for 4 days. 
Residual formalin Was neutraliZed by the addition of sodium 
bisul?te. Killed FCV-DDl vaccines containing approxi 
mately 0.5% W/v to approximately 10% W/v of FCV-DDl 
Were then formulated to contain formalin-inactivated FCV 
DDl alone; FCV-DDl in combination With killed FeLV (in 
the amount of approximately 5.0% W/v to approximately 
50% W/v), FPV (in the amount of approximately 0.5% W/v 
to approximately 10% W/v), FCV-255 (in the amount of 
approximately 0.5% W/v to approximately 10% W/v), FVR 
(in the amount of approximately 1.0% W/v to approximately 
20% W/v) and C. felis (in the amount of approximately 0.5% 
W/v to approximately 10% W/v); and FCV-DDl in combi 
nation With FPV (in the amount of approximately 0.5% W/v 
to approximately 10% W/v), FCV-255 (in the amount of 
approximately 0.5% W/v to approximately 10% W/v) and 
FVR (in the amount of approximately 1.0% W/v to approxi 
mately 20% W/v). The vaccines Were suitably adjuvanted; 
and Eagle’s minimum essential media Were added as the 
blending diluent. The amount of each antigen in the vaccines 
Was determined using an antigen speci?c ELISA potency 
test. The vaccines Were found to induce protective immunity 
against hemorrhagic FCV in standard vaccination challenge 
tests. The lack of interference of other vaccine fractions 
from the FCV-DDl Was con?rmed by either challenge or 
serological tests. Another vaccine formulation containing 
FCV-DDl, FPV, FCV-255, FVR and C. felis Was also 
prepared. 

Another embodiment of the present invention involves a 
neW method of protecting a feline against infection or 
preventing disease caused by feline calicivirus that com 
prises administering to the feline an immunologically effec 
tive amount of the vaccines described herein that contain the 
isolated and puri?ed hemorrhagic feline calicivirus FCV 
DDl . Additional methods protect the feline against infection 
or prevent disease caused by other pathogenic agents using 
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one or more antigens in conjunction With FCV-DDl such as, 
for example, feline leukemia virus, feline panleukopenia 
virus, feline rhinotracheitis virus, feline immunode?ciency 
virus, rabies virus, feline infectious peritonitis virus, Bar 
lonella, etc. and, more preferably, a combination of the 
antigens encompassing one or more non-hemorrhagic feline 
caliciviruses such as FCV-255, feline rhinotracheitis virus 
and feline panleukopenia virus, With the optional addition of 
feline leukemia virus and/or C. felis, or other hemorrhagic 
FCV strains, comprising the administration to the feline of 
an immunologically effective amount of the multivalent 
vaccines described herein. 
A further embodiment of the present invention is draWn to 

the antibodies that are raised or produced against the FCV 
DDl antigen. The antibodies may be raised or produced 
either by in vitro or in vivo methods that are Well knoWn to 
those of ordinary skill in the art. For example, a typical in 
vivo method to stimulate the formation of antibodies against 
FCV-DDl comprises directly administering to the feline an 
immunologically effective amount of FCV-DDl or an anti 
genic subunit thereof that Will be su?icient to induce detect 
able virus-neutraliZing antibody titers. Both monoclonal 
antibodies speci?c for the FCV-DDl antigen and polyclonal 
antibodies useful to recogniZe di?ferent epitopes of the 
hemorrhagic calicivirus strains closely related to the FCV 
DDl antigen may be used in the practice of this invention. 
Further methods of this invention are based on antigen 
antibody interaction and the ability of the FCV-DDl antigen 
and anti-FCV-DDl antibodies to form a detectable immune 
complex. Such methods include a method of detecting or 
diagnosing a hemorrhagic feline calicivirus infection in a 
susceptible host Which comprises analyzing a biological 
specimen from the host and detecting the presence of 
FCV-DDl or an antibody raised or produced against FCV 
DDl in the biological specimen and a method of detecting 
the anti-FCV-DDl antibody in a biological sample Which 
comprises contacting the biological sample With an antigen 
comprising FCV-DDl and detecting or observing the for 
mation of an antigen-antibody immune complex. The anti 
gen used in these methods is, for example, the Whole virus 
FCV-DDl, an antigenic subunit of FCV-DDl such as the 
immunogenic capsid protein and the like. 
An additional method of the present invention to detect a 

carrier of the hemorrhagic feline calicivirus is Warranted 
because the virus is highly contagious and virulent. The 
infectious FCV can be carried or transmitted by an asymp 
tomatic cat to other cats, or caretakers in a hospital setting 
can easily spread the infection from sick cats shedding the 
virus to healthy cats. Therefore, a method of detecting the 
carrier of the hemorrhagic feline calicivirus is presented that 
involves the steps of (a) obtaining a test sample from 
asymptomatic cats (urine, serum, sputum, feces, etc.), care 
takers or pet oWners (cat hairs from clothes, hands, furniture, 
etc.), cat cages and the like; (b) incubating the test sample 
With an antibody speci?c to FCV-DDl; (c) alloWing the 
formation of an antibody-antigen complex; and (d) detecting 
the presence of the antibody-antigen complex. This inven 
tion further contemplates other comparable methods making 
use of the speci?c antigen-antibody interaction that Will be 
apparent to those of ordinary skill in the art. 
The antigen-antibody immune complex may be detected 

by any standard immunoassay that includes, but is not 
limited to, enzyme-linked immunosorbent assay (ELISA), 
Western Blot, immunohistochemistry, ?oW cytometry and 
the like. Well-knoWn ?oW cytometry techniques, for 
instance, can use a device such as a Becton-Dickinson 

FACScan FloW Cytometer that detects and measures the 
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amount of ?uorescent dye on particles. A sample cell or 
specimen is labeled With a ?uorochrome-labeled antibody, 
excess unbound antibody is washed off, and then the sample 
is analyZed by the ?oW cytometer. The degree of ?uores 
cence and laser-scatter indices are observed and recorded for 
the sample cells passing through the cytometer. In this 
fashion, the displayed data in the form of color histograms 
shoWing the relationship betWeen the ?uorochrome and light 
scatter characteristic con?rms the presence of bound FCV 
DD1 antigen in the sample. 

Other standard in vitro immunological assays for detec 
tion of viral speci?c antibodies in serum or other test 
samples may be used through direct or indirect immunof 
luorescent methods of antibody detection and titer determi 
nation. Indirect immuno?uorescent assays may be used to 
screen and identify FCV in a sample specimen. For example, 
a test sample is incubated With FCV-DDl antigen, a frag 
ment of the major capsid protein unique to FCV-DDl in 
Which the fragment can be a synthetic peptide or a short 
peptide chain expressed using recombinant DNA tech 
niques, related hemorrhagic calicivirus isolates and the like, 
then coated and stabiliZed on a glass slide. If anti-FCV-DDl 
antibodies are present in the sample, a stable antigen 
antibody immune complex forms. The bound antibody is 
then reacted With a ?uroescein-conjugated reactant and the 
complex is observed With a ?uorescence microscope. A 
brightly colored ?uorescence at the antigen site con?rms the 
positive antibody reaction. Other standard ELISA or immu 
nochromatography techniques may be employed for diag 
nostic purposes in the detection of antibodies or antigens 
coupled to an easily-assayed enZyme such as, for example, 
detection of the presence of FCV-DDl antigens that are 
recogniZed by a monoclonal antibody or test for antibodies 
that recogniZe the FCV-DDl antigen. ELISAs, in particular, 
can supply a useful measurement of either antigen or anti 
body concentrations. Alternatively, the FCV-DDl antigen 
may be attached to a solid support such as a polystyrene 
surface of a microWell test strip. The test sample such as cat 
serum is Washed to remove residual serum and then peroxi 
dase-conjugated enZyme is added. A detectable substrate 
such as the colorless tetramethylbenZidine/hydrogen perox 
ide is also added and hydrolyZed by the enZyme. The 
chromogen changes to a blue color. After the reaction is 
stopped With the addition of acid, the colorless tetrameth 
ylbenZidine/hydrogen peroxide changes to yelloW. In the 
?nal analysis, the intensity of the color detects the presence 
of the antibody-antigen complex in the sample. 

The neW FCV strain has been deposited under the con 
ditions mandated by 37 CPR. § 1.808 and maintained 
pursuant to the Budapest Treaty in the American Type 
Culture Collection (ATCC), 10801 University Boulevard, 
Manassas, Va. 20110-2209, U.S.A. Speci?cally, the FCV 
DD1 sample has been deposited in the ATCC on Sep. 9, 
2004 and has been assigned ATCC Patent Deposit Desig 
nation PTA-6204. 

The folloWing examples demonstrate certain aspects of 
the present invention. HoWever, it is to be understood that 
these examples are for illustration only and do not purport to 
be Wholly de?nitive as to conditions and scope of this 
invention. It should be appreciated that all scienti?c and 
technological terms used herein have the same meaning as 
commonly understood by those of ordinary skill in the 
veterinary and pharmaceutical arts. For purposes of this 
invention, any reference in the speci?cation or the claims to 
the FCV-DDl strain includes the viral clones derived from 
the FCV-DDl isolate. These viral clones may be readily 
substituted for FCV-DDl in all aspects of the vaccines, 
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methods, etc. described herein. It should be further appre 
ciated that When typical reaction conditions (e.g., tempera 
ture, reaction times, etc.) have been given, the conditions 
both above and beloW the speci?ed ranges can also be used, 
though generally less conveniently. The examples are con 
ducted at room temperature (about 23° C. to about 280 C.) 
and at atmospheric pressure. All parts and percents referred 
to herein are on a Weight basis and all temperatures are 
expressed in degrees centigrade unless speci?ed otherWise. 
A further understanding of the invention may be obtained 

from the non-limiting examples that folloW beloW. 

EXAMPLE 1 

Failed Attempt to Isolate Hemorrhagic Feline 
Calicivirus 

TWo 25-cm2 tissue culture ?asks of FCV-Ari (labeled 
1:100 and 111000) Were obtained from Dr. Neils Pedersen, 
School of Veterinary Medicine, UC Davis (N. C. Pedersen et 
al., “An isolated epiZootic of hemorrhagic-like fever in cats 
caused by a novel and highly virulent strain of feline 
calicivirus,” Veterinary Microbiol. 731281-300 (May 2000)). 
The FCV-Ari ?ask labeled 1:1000 Was froZen and thaWed. 
Then 1 mL of the culture ?uid Was used to infect one 
850-cm tissue culture roller bottle of con?uent Crandell 
Feline Kidney Cells (CRFK) (R. A. Crandell et al., “Devel 
opment, characterization, and viral susceptibility of a feline 
(Felis calus) renal cell line (CRFK),” In WW0 9:176-185 
(1973)). Sixteen hours later, the roller bottle Was froZen, 
thaWed, and aliquoted as a Working stock. 

The initial FCV-Ari “Working stock” Was used to inocu 
late cats in order to con?rm that the material contained 
hemorrhagic calicivirus. The cats inoculated With the FCV 
Ari “Working stock” elicited extreme clinical signs such as 
high pyrexia, edema, dehydration, and death. Thus, the 
FCV-Ari “Working stock” Was con?rmed to contain the 
hemorrhagic calicivirus. 
The FCV-Ari “Working stock” Was diluted to a titer of 

approximately 105 TCID5O per mL and 0.2 um ?ltered. The 
?ltered FCV-Ari Was used for puri?cation/isolation of the 
most virulent calicivirus strain. The ?ltered FCV-Ari Was 
serially diluted and used to infect 24-Well tissue culture 
plates con?uent With CRFK cells. The Well of the highest 
dilution Which displayed a cytopathic effect (CPE) on the 
CRFK cells Was harvested, froZen, quick-thawed, serially 
diluted, and used to infect another 24-Well tissue culture 
plate con?uent With CRFK cells. This procedure Was 
repeated tWo times for a total of three rounds of puri?cation 
and isolation. 
The puri?ed FCV-Ari Was formalin inactivated and used 

to blend a killed, monovalent vaccine. This FCV-Ari (killed) 
vaccine Was put into cats to measure the serological 
response to vaccination. The vaccine did not induce virus 
neutraliZing antibody titers although antibodies against the 
virus Were induced as con?rmed by ELISA. 

Speci?cally, the study With the puri?ed, killed FCV-Ari 
vaccine used 20 cats, ?ve cats per group in doses of 0.5% 
v/v, 2% v/v and 8% v/v With ?ve controls (no injections). 
Each of the ?fteen cats received 2><1 mL doses subcutane 
ously at the nape of the neck three Weeks apart. At one and 
tWo Weeks folloWing the ?nal vaccination, there Were no 
measurable serum neutralization (SN) titers to FCV at a time 
When FCV SN titers are typically at their peak. 

To re-test and con?rm initial ?ndings, four more cats 
received 2><1 mL doses three Weeks apart With the puri?ed, 
killed FCV-Ari vaccine. One Week folloWing the ?nal vac 
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cination, there Were no measurable serum neutralization 

antibody titers (all <2) at the timepoint When serum neu 
traliZation titers for FCV are typically the highest. 

The puri?ed FCV-Ari (live) Was also used to inoculate 
tWo groups of cats. The tWo groups of cats exhibited no 
clinical signs characteristic of a hemorrhagic calicivirus 
infection such as high temperatures, edema, pyoderrna, 
alopecia, etc. Therefore, it Was con?rmed that the strain 
puri?ed from the “Working stock” Was not the hemorrhagic 
calicivirus strain. Because the vaccine also did not induce 
neutraliZing antibodies, further Work and development of 
this strain ceased. 

EXAMPLE 2 

Isolation of FCV-DDl by Limiting Dilution 
Cloning 

The original FCV-Ari received from Dr. Pedersen, labeled 
1:100, Was used for three rounds of limiting dilution cloning 
to purify and isolate FCV-DDl. The FCV-Ari 1:100 sample 
Was incubated With the antisera generated from the original 
FCV-Ari (killed) vaccination to neutraliZe the FCV strain 
isolated from the ?rst puri?cation/isolation of FCV-Ari. The 
virus Was serially diluted and used to infect 24-Well tissue 
culture plates con?uent With CRFK cells and the Well of the 
highest dilution Which shoWed a cytopathic effect (CPE) on 
the CRFK cells Was harvested, froZen, and quick thaWed. 
The harvested clones Were evaluated by serum neutraliZa 
tion assays. (For a general description of the limiting dilu 
tion cloning method and serum neutraliZation assays used 
for distinguishing and isolating FCV strains, see H. Poulet et 
al., “Comparison betWeen acute oral/respiratory and chronic 
stomatitis/gingivitis isolates of feline calicivirus: pathoge 
nicity, antigenic pro?le and cross-neutralisation studies,” 
Arch. Virol. 145:243-261 (2000).) Each viral clone of FCV 
Ari Was incubated With the antisera generated from the ?rst 
puri?cation killed vaccine, or With the antisera generated 
from challenge With the live “Working stock.” The results 
from this serum neutraliZation assay shoWed that there Was 
more than one strain of calicivirus in the original sample. 
The viral clones that Were not selected and discarded Were 
those that Were neutraliZed by the antisera speci?c to the 
undesired product of the ?rst puri?cation. The virus clones 
selected for the subsequent rounds of puri?cation Were those 
that Were neutraliZed by antisera to the original virus sample 
from Dr. Pedersen yet Were not neutraliZed by antisera 
speci?c to the undesired product of the ?rst puri?cation. 
This pattern of virus clone selection, harvesting the highest 
dilution containing CPE, Was repeated for a total of three 
rounds. The resulting clone, designated FCV-DDl, Was 
chosen for biological studies. 

Speci?cally, the FCV-Ari sample Was neutraliZed and 
repuri?ed through limiting dilution cloning. To neutraliZe 
the FCV-Ari virus, the original tissue culture of FCV-Ari 
sample Was diluted to 1:200 in 1><MEM (modi?ed Eagle’s 
medium). The antisera generated from the original FCV-Ari 
(killed) vaccination (Vaccinate ot-Ari serum) Was diluted 
1:50 in 1><MEM. To 2 mL of diluted anti-Ari serum Was 
added 2 mL of diluted virus. The virus/antisera mixture Was 
incubated for about 1 hour at 37° C. 

From a pilot FCV-Ari puri?cation using neutraliZed virus, 
it Was found that the CPE in 24-Well plates Was positive up 
to 10'2 dilution (10'2 Wells Were 50% CPE and 10'3 Were 
0% CPE). Based on this information, the virus Was diluted 
to achieve CPE in about 50% of the Wells of CRFK cells. 
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Three dilutions Were done, over the goal by fourfold, at the 
goal and under the goal by fourfold. 
One 24-Well plate Was used for each dilution. All 24 Wells 

Were used as replicates of the same dilution. These plates 
Were incubated at 37° C. With 5% CO2 for 4 days. Wells 
Which Were positive for CPE in the dilution that gave less 
than or approximately equal to 50% CPE in the 24 replicates 
(i.e., i 12 positive Wells) Were harvested. 

For Round #1 of the limiting dilution cloning procedure, 
cross neutraliZation analysis Was performed on the harvested 
clones. Each harvest Was diluted 1:200 and 1:1000 in 
1><MEM and mixed With dilutions of either Challenge (X-Al‘i 
(antiserum generated from challenge With the live “Working 
stock”) or Vaccinate ot-Ari (antiserum from the ?rst puri? 
cation killed vaccine), in replicates of tWo. The virus-serum 
mixture Was incubated at 37° C. for 1 hour and then plated 
onto CRFK cells in 96-Well plates. The plates Were incu 
bated for 3 days and read for CPE. Results from the ?rst 
round of limiting dilution cloning and cross neutraliZation 
screening are shoWn in the beloW Table 1. 

Five harvested clones (AB2, BC1, BC4, CB4 and DD1) 
Were neutraliZed by antisera to the original virus sample 
from Dr. Pedersen yet Were not neutraliZed by antisera 
speci?c to the undesired product of the ?rst puri?cation. 
They Were selected for Round #2 of puri?cation. 

For Round #2 of the limiting dilution cloning procedure, 
the CPE in 24-Well plates Was found to be positive up to 10'5 
to 10-6. Three dilutions Were done, over the goal by four 
fold, at the goal and under the goal by fourfold. One 24-Well 
plate Was used for each dilution. All 24 Wells Were used as 
replicates of the same dilution. These plates Were incubated 
at 37° C. With 5% CO2 for 4 days. Wells that Were positive 
for CPE in the dilution that gave 250% CPE in the 24 
replicates Were harvested. 
The above steps Were repeated for the third round of 

limiting dilution cloning. 

TABLE 1 

FCV-Ari Limiting Dilution Cross Neutralization Screening 

Harvest Virus Challenge Vaccinate 
ID Dilution ot-Ari ot-Ari 

AB2 1:200 >256 <2 
AB2 1:1000 >256 <2 
BCl 1:200 >256 <2 
BCl 1:1000 >256 <2 
BC4 1:200 >256 <2 
BC4 1:1000 >256 <2 
CA4 1:200 >256 <2 
CA4 1:1000 >256 <2 
CB2 1:200 >256 <2 
CB2 1:1000 >256 <2 
CB3 1:200 >256 <2 
CB3 1:1000 >256 <2 
CB4 1:200 >256 <2 
CB4 1:1000 >256 <2 
CC5 1:200 >256 <2 
CC5 1:1000 >256 <2 
CD1 1:200 >256 37 
CD1 1:1000 >256 <2 
DA5 1:200 >256 <2 
DA5 1:1000 >256 <2 
DB1 1:200 >256 <2 
DB1 1:1000 >256 <2 
DB5 1:200 >256 <2 
DB5 1:1000 >256 <2 
DC2 1:200 >256 <2 
DC2 1:1000 >256 <2 
DDl 1:200 >256 <2 
DDl 1:1000 >256 <2 
DD2 1:200 >256 <2 
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TABLE l-continued 

FCV-Ari Limiting Dilution Cross Neutralization Screening 

Harvest Virus Challenge Vaccinate 
ID Dilution ot-Ari ot-Ari 

DD2 1:1000 >256 <2 
DD4 1:200 >256 <2 
DD4 1:1000 >256 <2 

EXAMPLE 3 

Isolation of FCV-DDl Strain 

The one harvested clone, DDl, Was selected from round 
#3 and used to infect 850 cm2 tissue culture roller bottle of 
con?uent CRFK cells at MOI (Multiplicity of Infection) of 
approximately 0.003. The virus ?uid Was harvested from the 
roller bottle When 100% CPE Was observed, frozen at —50° 
C. for 4 hours and then quick thaWed in 370 C. Water bath. 
The virus ?uid Was centrifuged in a Beckman GS-6R 
Centrifuge (commercially available from Beckman Instru 
ments, Inc., Fullerton, Calif.) at 3000 rpm for 20 minutes, 
and the cell-free supernatant Was aliquoted into 81x1 mL 
sample vials and stored at —80° C. 

EXAMPLE 4 

Physiological Challenge Studies 

The isolated and puri?ed FCV-DDl strain prepared in 
Example 3 Was inoculated into cats. One challenge group of 
three cats Were used Wherein each cat received 6.3 logs of 
virulent FCV-DDl by administration of 0.25 mL per nostril 
and 0.5 mL orally for a total of 1 mL. The cats exhibited 
typical hemorrhagic calicivirus clinical signs. Extremely 
high temperatures appeared in all 3 cats after 1 day. The 
edema (swelling) started on the ?fth observation day. Ulcer 
ations, both external and oral, appeared on the sixth obser 
vation day. TWo-thirds of the cats Were euthanized (exan 
guinated) on the sixth observation day since they had 
become moribund. The third cat Was moribund With falling 
temperatures on the seventh observation day and the study 
Was ended. The results from this challenge study prove that 
the strain of calicivirus puri?ed and isolated from the 
original FCV-Ari sample, designated FCV-DDl, Was a true 
hemorrhagic feline calicivirus strain. 

In the foregoing, there has been provided a detailed 
description of particular embodiments of the present inven 
tion for the purpose of illustration and not limitation. It is to 
be understood that all other modi?cations, rami?cations and 
equivalents obvious to those having skill in the art based on 
this disclosure are intended to be included Within the scope 
of the invention as claimed. 

What is claimed is: 
1. An isolated and puri?ed hemorrhagic feline calicivirus 

FCV-DDl, Wherein the strain has ATCC Patent Deposit 
Designation PTA-6204 or a viral clone derived therefrom. 

2. An immunogenic composition comprising an immuno 
logically elfective amount of the feline calicivirus according 
to claim 1. 

3. A vaccine comprising a nontoxic, physiologically 
acceptable carrier or diluent and the immunogenic compo 
sition according to claim 2. 
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4. The vaccine according to claim 3, further comprising 

one or more additional feline calicivirus(es). 
5. The vaccine according to claim 4, Wherein the addi 

tional feline calicivirus is selected from the group consisting 
of FCV-255, FCV-2280, FCV-Diva, FCV-Kaos, FCV-Bell 
ingham, FCV-F9, FCV-F4, FCV-M8 and a combination 
thereof. 

6. The vaccine according to claim 5, Wherein the addi 
tional feline calicivirus comprises FCV-255, FCV-2280 or 
the combination of FCV-255 and FCV-2280. 

7. The vaccine according to claim 6, Wherein the addi 
tional feline calicivirus comprises FCV-255. 

8. The vaccine according to claim 6, further comprising an 
antigen selected from the group consisting of Chlamydo 
philafelis, feline leukemia virus, feline panleukopenia virus, 
feline rhinotracheitis virus, feline immunode?ciency virus, 
rabies virus, feline infectious peritonitis virus, Bartonella 
and a combination thereof. 

9. The vaccine according to claim 8, Wherein the antigen 
comprises the combination of Chlamydophila felis, feline 
leukemia virus, feline panleukopenia virus and feline rhi 
notracheitis virus. 

10. The vaccine according to claim 8, Wherein the antigen 
comprises the combination of Chlamydophila felis, and 
feline rhinotracheitis virus. 

11. The vaccine according to claim 8 Wherein the antigen 
comprises the combination of feline panleukopenia virus 
and feline rhinotracheitis virus. 

12. The vaccine according to claim 8 further comprsing an 
adjuvant. 

13. The vaccine according to claim 12, Wherein the 
adjuvant is selected from the group consisting of aluminum 
phosphate, aluminum hydroxide, a surfactant, a polyanion, a 
polycation, a detergent, a peptide, a metabolizable animal or 
vegetable oil, a mineral oil, a mineral oil emulsion, an 
immunomodulator, a polyoxyethylene-polyoxpropylene 
block copolymer, a copolymer of styrene With a mixture of 
acrylic acid and methacrylic acid, a Corynebacterium-de 
rived adjuvant, a Propionibacterium-derived adjuvant, 
Mycobaclerium bovis (Bacille Calmette-Guerin), an inter 
leukin, an interferon, a liposome, an iscom adjuvant, a 
mycobacterial cell Wall extract, a synthetic glycopeptide, 
avridine, Lipid A, dextran sulfate, DEAE-Dextran, carboxy 
polymethylene, ethylene/maleic anhydride copolymer, an 
acrylic copolymer emulsion, an animal poxvirus protein, a 
subviral particle adjuvant, cholera toxin, dimethyldioctade 
cylammonium bromide and a combination thereof. 

14. The vaccine according to claim 13, Wherein the 
adjuvant is an ethylene/maleic anhydride copolymer, a 
copolymer of styrene With a mixture of acrylic acid and 
methacrylic acid, a mineral oil emulsion or the combination 
thereof. 

15. The vaccine according to claim 13, Wherein the 
adjuvant is saponin, squalane, squalene, the detergent, alu 
minum phosphate, aluminum hydroxide or the combination 
thereof. 

16. The vaccine according to claim 8, Wherein the non 
toxic, physiologically acceptable carrier or diluent com 
prises saline or Eagle’s minimum essential media. 

17. The vaccine according to claim 8, fruther comprising 
a preservative. 

18. The vaccine according to claim 17, Wherein the 
preservative is selected from the group consisting of thime 
rosal, neomycin, polymyxin B, amphotericin B and a com 
bination thereof. 

19. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl Which comprises 
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administering to the feline an immunologically effective 
amount of the Vaccine according to claim 3. 

20. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl Which comprises 
administering to the feline an immunologically effective 
amount of the Vaccine according to claim 4. 

21. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl Which comprises 
administering to the feline an immunologically effective 
amount of the Vaccine according to claim 6. 

22. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl, Chlamydophilafelis, 
feline leukemia Virus, feline panleukopenia Virus, feline 
rhinotrachetis Virus, feline immunode?ciency Virus, rabies 
Virus, feline infectious peritonitis Virus, Barlonella or a 
combination thereof Which comprises administering to the 
feline an immunologically effective amount of the Vaccine 
according to claim 8. 

23. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl, feline leukemia 
Virus, feline panleukopenia Virus, feline rhinotracheitis Virus 
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and Chlamydophila felis Which comprises administering to 
the feline an immunologically effective amount of the Vac 
cine according to claim 9. 

24. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl, feline panleukopenia 
Virus, feline rhinotracheitis Virus and Chlamydophila felis 
Which comprises administering to the feline an immunologi 
cally effective amount of the Vaccine according to claim 10. 

25. A method of protecting a feline against infection 
caused by feline calicivirus FCV-DDl, feline panleukopenia 
Virus and feline rhinotracheitis Virus Which comprises 
administering to the feline an immunologicaly effective 
amount of the Vaccine according to claim 11. 

26. A method as in any one of claims 19, 20, 21, 22, 23, 
24, and 25 in Which the Vaccine is administered parenterally, 
orally, intranasally, oronasally or transdermally to the feline. 

27. The method according to claim 26, Wherein the 
Vaccine is administered intramuscularly, subcutaneously or 
oronasally to the feline. 

* * * * * 


